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Special Irrigation Course 
Offerings Begin in 1969-70 
New Department of Plant 
Science ·Announced 
South Dakota Long-Span 
fences to be in Movie 
New Northeastern South 
Dakota Research Site 
Invading Greenbugs May 
Answer Puzzling Questions 
Homemakers Help in Research 
On Water, Laundry Problems 
Beef Cattle Ranching in 
Central South Dakota 
Deep Furrow Seeding Not 
So Modern After All 
Dairy Calves "Communicate" 
What They Want in Housing 
Roundworms and Tapeworms 
in Wild Game Animals 
Indoor or Outdoor Housing 
About Same for Dairy Calves 
Continuous Corn Fine, But 
Don't Forget Rotations 
5 Months Less "Mothering" 
Possible for Brood Mares? 
Student May Have Way to 
. Grow Mushrooms at Home 
New "irrigation option" available for students specializing in mech-
anized agriculture and a .gronomy. 
Former Agronomy and Plant Pathology Departments consolidated 
into new department. 
Commercial crew films research installations· at Norbeck and at a 
farm northeast of Brookings for ag equipment firm. 
Whetstone Valley Crops Research CenterJ similar to experimenta-l-
farm near Centerville, established west of Milbank. 
Researchers hope to learn more about aphids which arrived in sur-
prising numbers, at surprising times, and on different crops. 
Women from six counties in South Dakota and Minnesota cooperate 
in textile investigations conducted by Universities in the two states. 
Economics study to determine highest profit land-use program for 
beef production on a typical ranch. 
Method of placing wheat seed down in the soil where _there is mois-
ture used by Sumerians more than 4,000 years ago. 
Evaluation of time-lapse photography studies provide agricultural 
engineers with some practical ideas on design of free stall housing . 
• 
Although inhabiting rangeland used by domestic livestock, wild • . 
game animals not believed to be reservoir of internal parasites. 
Study shows also that labor requirements were little different be-
tween housing systems, weaning ages or combination of the two. 
Results reported about continuous corn in · rotation experiments at 
Southeast South Dakota Experiment Farm near .Centerville. 
SDSU researchers seek data on possible "personality" proble~s as 
well as those involving physical health of early-weaned colts. 
Needing a readily-available supply, Sioux Falls youth uses easier 
method of producing mushrooms in the laboratory. 
Layout and headline styling: Barbara Suhr. 
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From the Dean and Director 
Special Courses 
in Irrigation 
Offered First 
. . 
··Time • ,n 
A LTHOUGH South D akota State University has previously off-
ered various courses relating to irri-
gated agriculture, beginning with 
the 1969-70 academic year an "irri-
gation option" will be offered {or 
the first time. 
The new option is avai]able for 
students specializing in mechanized 
agriculture in the Department of 
Agricultural · Engineering and for 
those specializing in .agronomy in 
the new Department of Plant Sci-
ence. Both departments are in the 
SDSU College of Agriculture and 
Biological Sciences. 
Objective of the new option is to 
provide a group of courses, in addi-
tion to required courses, from which 
the student can select a specified 
number that will provide training 
in irrigated agriculture. Mechaniz-
ed agriculture majors also have op-
tions · under business, science, and 
equipment and processing. Other 
options for sfudents in agronomy 
are crop science, soil science, and 
production. 
1969 
To Meet Demand 
Increased interest in irrigation in 
South Dakota and additional re-
quests for graduates with specializ-
ed training in irrigated agriculture 
prompted SDSU officials to pro-
vide the new option. It will train 
students expecting to go into var-
ious aspects of irrigated agriculture, 
including farming and farm man-
agement, extension work, farm ma-
chinery and equip~ent sales, sales 
or contracting enterprises, electric 
power use, work with federal or 
state agencies, work with banks, 
and in research. 
Increased irrigation in South Da- . 
kota calls for a coordinated, perhaps 
massive, educational effort. Part of 
the effort concerns technical train-
ing-such as that offered full-time 
students at SDSU-as well as train-
ing provided through special work-
shops, shortcourses and similar acti-
vities designed for persons not en-
rolled at SDSU. Several hundred 
persons during the past several 
years have taken part in these spe-
cialized educational activities. 
3 
D uane Acker 
Continuous Information ~eeded 
As expecte_d, much of this educa-
tional effort was aimed at filling re-
quests for information that a farmer 
could use in making the critical de-
cision as to whether or not he might 
make the drastic change and go into 
irrigation. Additional information 
was needed by those who made the 
decision in favor of irrigation and 
were ready to get started. But it 
doesn't stop there. The irrigation 
farmer must also have continuous 
information regarding new techni-
ques, equipment, me~hods, and 
crops. 
Regardless of the exact point 
where farmers are in regard to irri-
gation-the yes-or-no-decision, the 
transition, or the full-fledged irri-
gator-they need a continuous 
source of the developing informa-
tion provided by research. The 
Agricultural Experiment Station at 
SDSU will provide this reservoir of 
information while formal and infor-
mal educational activities will get it 
to the farmer who wants and needs 
it.D 
New 
Plant 
Science 
Department 
RAYMOND A. Moo_RE, professor of agronomy at South Dakota 
State University, became the new 
head of the consolidated Depart-
ment of Plant Science at SDSU ef-
fective July 1. 
Dean Duane Acker of the College 
of Agriculture and Biological Sci-
ences, indicated that combining the 
Agronomy and Plant Pathology De-
partments into a single Plant Sci-
ence Department will lead to grea-
ter administrative efficiencies and 
further cooperation in research 
work among the various phases 
of plant science. 
L. 0. Fine, professor of agron-
omy, and C. M. Nagel, professor of 
plant pathology, who formerly 
headed the respective departments 
will continue on the staff and devote 
more of their time to various re-
search projects. Dr. Fine will lead 
research in irrigation and soil ferti- · · 
lity, especially as it relates to the 
fate of nutrients and potential pol-
lution effects. Dr. Nagel over the 
· past 20 years has developed a num-
ber of inbred corn lines with vary-
ing degrees of resistance to root and 
stalk rot. He will devote full time to 
development of these lines and the 
release of single crosses and inbreds 
to the seed industry. 
Dr. Moore, a native of Britton, S. 
D., has been on the SDSU staff 
since 1956. He has been associated 
with pasture ·improvement research 
and was leader of _the project which 
resulted in establishment of the Pas-
The head of the· new SDSU Depart-
ment of Plant Science gets first hand 
.information about Nordan crested 
wheatgrass direct from the man who de-
veloped it. George A. Rogler, research 
agronomist at the U. S. Northern Great 
Plains Research Center, Mandan, North 
Dakota, shown here (right) with Ray-
mond A. Moore of SDSU, during 35 
years of research with grass and pas~ 
tures developed Nordan and several 
other grasses. He was one of several 
federal and state research workers 
from North Dakota who visited the 
SDSU Pasture Research Center near 
Norbeck in June. 
ture Research Center at Norbeck. A 
new leader for this project is to be 
selected. D . , 
Long Span Fences Now in Movies 
A COMMERCIAL movie crew from : :· :. ,Kansas in early June took pie-
.. tures of long-span fencing - at the 
Agricultural -. Experiment Station's . 
Pasture Research Center near Nor:. 
beck 'and on the Kennis Wheeler 
and Sons farm northeast of Brook-
ings. 
The movies are being made for 
Deere· & Company, Moline, Ill., 
~anufacturers O f agricultural 
equipment. Company spokesman 
'¢xplain that the public service film 
. will be .made available to dealers 
for showing between November 15, 
1969 and March 1, 1970. Each deal-
er sets up hi~ own date for showing 
the films. 
The £Im is one of a group of 
about 20 on a_gricultural research 
and development which the com-
pany is producing. In addition to 
the · long-span coverage in South 
. Dakota, a large ranch in Texas will 
also be included. 
Inquiries about the experimental 
. long-span fences on the Pasture Re-
4 
search Center have been received 
from throughout the United States, 
as well as Africa, South America and 
Australia. 
Robert E. Parker, director of au-
dio visual production for' Deere & 
Company and a former SDSU staff 
member, says that a complimentary 
print of the long-span film will go to 
Raymond A. Moore, who has head-
ed the Norbeck project and assisted 
with technical aspects of the mov-
ie. O 
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In Whetstone Valley area ... 
E 
RE 
SITE 
NEWEST agricultural research site in South Dakota has been estab-
lished about 6 miles west of Mil-
bank in the northeast part of the 
State. 
It is the Whetstone Valley Crops 
Research C e n t e r established 
through efforts of a farmer-business-
man association in Grant and Ro-
berts counties. Agri<=;ultural Exper-
iment Station personnel from South 
Dakota State University have sur-
veyed and seeded experimental 
plots on the 20-acre site on the Max 
Goerke farm. 
James F. Rabe, Big Stone City, is 
president of the association which 
also includes these officers: Wilford 
Anderson, LaBolt, vice-president; 
Vern Beare, Milbank, secretary; and 
Robert Osborne, Milbank, treasur-
er. Quentin S. Kingsley, , assistant 
professor of agronomy at SDSU, will 
be in charge of operation of the 
farm. Kingsley has the same duties 
at · SDSU research facilities near 
Watertown and Garden City. 
Funds from association member-
ship dues finance the new research 
farm. SDSU officials say the cooper~ 
tive effort , modeled somewhat after 
the highly-successful research farm . 
corporation near Centerville, pro-
vides an opportunity to obtain new 
information for an important farm-
ing area with somewhat unique 
growing and climate conditions in 
Roberts and Grant counties. 
"With interested farmers and bus-
inessmen in the area providing the 
site, it is pos3ible for us to re-direct 
funds to work on some entirely dif-
ferent cropping situations,'' accord-
ing to Duane Acker, dean of the 
SDSU College of AgricuJture and 
Biological Sciences, and director of 
the Agricultural Experiment Sta-
tion. "The Whetston·e Valley area is 
at a lower altitude and has a longer 
growing season than some of our re-
search sites farther to the west," he 
adds. "The fact that a resident staff 
will not be necessary makes · it pos-
sible for us to re-direct some of our 
research , efforts without expending 
additional or new funds." 
Dr. Acker says that establishment 
of a research unit in a region where 
there is direct investment by resi-
dents obviously means their greater 
involvement in planning and direc-
tion. "People in the area are quicker 
in expressing their needs , are more 
likely to be present when research 
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results are reported at fields days, 
and we assume the information is 
used sooner to reap benefits for the 
economy of the region as well as for 
the State. This method of coopera-
tion also permits us to get more out 
of each research dollar. The associa-
tion will assist in establishing re-
search priorities so that we can work 
on problems most important to the 
area." 
Research will include work on 
corn, soybeans, sunflowers, sor-
ghum, alfalfa, fertilizer rates, row 
spacing, weed control, and plant 
population. Sdentists also plan to 
set up studies of "pan spot" condi-
tions which occur in much of the 
area. 
V em Koopman, SCS soil scientist 
for the area, worked with L. 0. 
Fine, of the SDSU Plant Science De-
partment, other Agricultural Ex-
periment Station staff members, 
and association members in early 
planning and site selection. 
A field day to explain research 
activities at the new site is schedul-
ed for August 26. D 
Hundreds of experimental plots must 
first be accurately spotted and measured 
for agricultural field research. Lining 
up and measuring the plots at the new 
research farm near Milbank are (left to 
right): H. C. Nelson and Sheldon Tut-
tle, both of Milbank, and Quentin S. 
Kingsley, SDSU agronomist who will 
be in charge of the farm. 
Invading GREEN BUS 
RESEARCH entomologists will use an anticipated second annual 
invasion of crop-damaging green-
, bugs this summer and fall as a field 
~aboratory to se~k clues toward es-
tablishing control measures. 
The little green invaders burst in-
to central and southeastern South 
Dakota last year in surprising num-
bers, at surprising times, and on sur-
prisingly different crops. The tough 
ljttle insects-:---also known as aphids 
-not only" cost South Dakota winter 
wheat and sorghum farmers thous-
ands of dollars but they also 
brought puzzling new aspects · that 
South Dakota State University en-
tomologists will be investigating. 
Current Situation 
Meanwhile, here's the situation 
and what might be expected from a 
"holding action": 
•Preliminary Agricultural Exper-
iment Station research last year 
with aerial sprays indicated that di-
sulf~ton ( Di-Syston ), a phosphate 
insecticide, was the best of four 
Philip A. Jones, associate professor in 
. Sou!h Dakota State University's depart-
ment of entomology-zoology, has been de-
signated leader of a new AgricultQral Ex-
periment Station project to study biology 
and control of insects and other arthroped 
pes~ on small grains in South Dakota. 
ln:-the accompanying article Dr. Jones 
discusses some of the background and 
prospective activities of the research as it 
applies to greenbugs. 
. John Kvenberg, a graduate assistant 
from Brookings who is working toward 
his master's degree following duty with 
the U. S. Army in Vietnam, will assist in 
the project: 
The project is supported by a 3-year 
grant of $5,000 annually by the South Da-
kota Wheat ·commission. 
(With PHtLIP A. JONES, associate professor, 
Entomology-Zoology Department, Agricultural 
Experiment Station.) 
chemicals tried for control of green-
bugs in growing winter wheat. Al-
-though the chemical at the time was 
not registered in South Dakota for 
use other than for research pur-
poses, it since has been approved 
for use under certain restrictions. 
Aerial spraying experiments were 
conducted from near the beginning 
of November until the spraying sea-
son ended in early December. The 
SDSU Extension Service and farm-
ers cooperated in this research. 
•In experiments using phorate 
( Thimet) around the edges of fields 
at planting time for control of an-
other insect ( wheat curl mites that 
carry wheat streak mosaic virus),. 
excellent control was also noted for 
grasshoppers and greenbugs. Rein-
festations constitute a problem, 
however. These may be triggered by 
a few surviving greenbugs, those 
coming in from another nearby crop 
or untreated area, or those borne 
long distances by winds. 
• The South Dakota Wheat Com-
mission has provided a grant to the 
Agricultural Experiment Station at 
SDSU for an extensive greenbug 
study to begin this year; The grant 
amounts to $5,000 ahnually for a 
period of 3 years . 
e'fhe greenbug build-up has 
heen noted in all states in a mid-
U. S. belt from Texas into Canada. 
Although South Dakota has certain 
unique greenbug problems, re-
search in this state will be part of a 
concerted effort throughout the 
wheat producing region. 
The "New Look" 
Here's part of the "new look" that 
greenbugs introduced into South 
. Dakota last year: 
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•Hot weather in South Dakota 
last year didn't faze them. Ordinari-
ly they prefer cool weather, build-
ing up often· _because their insect 
enemies operate mainly during hot 
weather with their activities drop-
ping off as temperatures fall. In 
1968, however, · aphids flourished 
through the hottest part of summer 
·-although part of this in South Da-
kota may have been due to wind-
borne migrations. 
• Greenbugs still retainded their 
cool weather habits. Entomologists 
even found them feeding ·and multi- • . t\ 
plying in winter wheat fields be- ~ 
neath a snow cover where tempera-
tures were around 45 degrees. 
• For the first time in South Dako-
ta greenbugs took a liking for sor-
ghum, sudan,. sorghum-sudan cros-
ses, and milo. It was in Hutchinson 
and Yankton Counties last year 
where heavy infestat.ions of green-
, bugs were first reported in sorghum 
fields. As many as 5,000 aphids were 
found on larger milo plants. Seed-
lings 2-3 inches high were exten-
sively damaged or killed. Plants first 
turn yellow, then brown and may 
die. These same crops may also 
come under attack later in the sea-
son with _indications of infestation 
being a reddening of lower leaves. 
It is suspected that greenbugs build 
up on sorghum in late summer and, 
using this as a stepping stone, move 
on to winter wheat. Greenbugs from 
southern states move northward 
ahead of advancing warm tempera-
tures, riding southerly winds into 
this area in April and May prior to . V 
their build-ups. They have not been 
known to overwinter in South Da-
kota or Nebraska . 
• 
• 
May ·R~veal Answers to Puzzling Questions 
•Although greenbugs were re-
ported to some extent in Tripp 
County winter wheat in 1967, the 
big invasion occurrec;l in 1968. It 
started in October and by mid-Nov-
ember economic infestations-more 
than 25 aphids per linear foot of 
row-had been reported in Todd, 
Haakon, Meade, Pennington, Jack-
son, Butte, Jones, Mellette, Gregory, 
Stanley, Washabaugh, Lyman and 
Aurora counties. More than 500 
aphids per seedling ':":ere estimated 
in some heavy infestations. Damage 
is double-barrelled·: · ·the- insect 
through a puncture in the plant 
feeds on juices thereby weakening 
the plant while at the same time it 
deposits a tissue-killing substance 
at the point of feeding. 
•The possibility of a new form, 
strain or slight change in greenbugs 
themselves has been suggested. So 
far, this possibility has not b~en 
confirmed by specialists , in Okla-
homa, Beltsville, Md., and Great 
Britain who have identified speci-
mens from South Dakota. ( As 
greenbugs are · a problem on sor-
ghum and other crops in Europe, 
particularly the Mediterranean 
countries, specimens were sent to 
Great Britain for study). But there's 
no doµbt something is different-
adapting to a new host plant, sor-
ghum, for one thing-and entomolo-
gists are attempting to learn more 
about it. 
The greenbug still looks the 
same: sixteenth-of-an-inch long, 
pale green with a darker green back 
stripe. Winged aphids generally are 
the first evidence of an invasion 
followed-by ~ppearance of wingless 
forms with a small colony of young 
( which are born alive) around 
them. 
Research This Year 
This year's research in South Da-
kota will center on chemical control 
of aphids in winter wheat through 
treatments at planting time as well 
as foliar treatments later in the fall. 
A beginning will also b~ made to 
attempt to relate weather fronts and 
winds with localized infestations. 
Additionally, South Dakota re-
search during the next 3 years in 
field and laboratory will concern: . 
Whether increased acreage of 
sorghum "assists" the insect in car-
rying through the season so damag-
ing numbers are available locally to 
infest winter wheat. 
Determining best and most eco-
nomical chemical treatments for 
control under cool weather condi-
tions. 
Pinpointing time and growth 
stage at which insect damage seri-
ously affects yield. 
Finding out how much insect 
damage a wheat seedling can stand 
oC0RSON 
BUTTE 
f'ALL AIYER 
and still produce an economic re-
turn at harvest. 
Looking for relationships be-
tween degree of insect damage on 
winter wheat and winterkill of the 
wheat plant. 
Attempting to project increase of 
greenbug populations under spe-
cific weather conditions from trace 
numbers found in winter wheat 
fields. 
Evaluating effect of the insecti-
cide treatments in control of other 
insects such as the leaf-streak-mo-
saic-carrying leaf curl mite. As 
predators-such as a small wasp, 
lady beetles and lacewings-often 
keep greenbug populations 1n 
check, timing . of insecticide appli-
cations frequently will be important 
so as not to disturb the natural bal-
ance by also destroying these bene-
ficial insects. 
Determining if some of the sys-
temic insecticides used in greenbug 
control may have a favorable effect 
on the actual growth process of 
wheat.O 
MC PHUISOH ·-" MARSHALL 
EDMUNDS DAV 
FAULK 5 I K 
CLARK 
DEUEL 
HYO[ HANO 
HAMLIN 
BEADLE 
KINGSBUA'Y 
MOODY 
e Possible areas of research in 1969, depending on greenbug infestations. 
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Nancy Bracht, a SDSU textile re-
search student from Twin Brooks, S. D., 
assists Mrs. Cora R. Sivers, assistant pro-
fessor, record wash water temperatures 
shown by the special "paper" thermom-
eters. The thermometers ( see inset) con-
sist of strips of sensitized paper · sealed 
in glass tµbes five of which with differ-
ent temperature ranges are sewn into 
· strips of fabric and distributed to each 
cooperator. After thermometer strips 
are dipped into the wash water, they are 
air dried and sent to the Agricultural 
Experiment Stations. In the laboratory, 
the changed color of sensitized paper in 
one of the five glass tubes provides a 
permanent record of water temperature 
used in that particular washing. 
Miss Lillian 0. Lund (right), who is 
in charge of textile research, distributes 
kits of materials to homemakers visiting 
the SDSU campus last fall. Swatches on 
. the table are of shirting fabrics with 
permanent press and soil release finishes. 
Plastic bottles are for sending in water 
.. samples. Receiving the kits are (left to 
right): Mr~. Wallace M. Leffier, Web-
ster; Mrs. Richard Wismer, Britton; 
Mrs. ·Walter Beers, Webster; Mrs. Joe 
Schuch, Sisseton; Mrs. La Verne Fisher, 
Sisseton~ ··and · Mrs. Donald Erickson, 
Waub-a:y. 
In the laboratory at SDSU, a colori-
meter is used to analyze water samples 
for iron content. Two samples are in-
cluded for each analysis: one of water 
directly from the source, such as a well 
or city water, and the other taken at the · 
machine just before washing and which 
provides a sample of water which has 
gone through home plumbing, heater, 
and water softener. 
Mother's little hel~rs, Carol, age 2y2, 
and Tom, 5, get in the act too as Mrs. 
Joe Schuch, Sisseton, prepares to launder 
a fabric sample in the family wash as 
part of homemaker cooperation in tex-
tile research at South Dakota State Uni-
versity. 
~~~~~~ TI 
Homemakers" 
PJRTY women from six counties in 
r two states are helping research 
brighten the wash as well as the. 
day in many Upper Midwest house-
holds plagued with hard water pro-
blems. 
These "at-home" researchers 
wash special swatches of fabrics 
along with the family laundry, then 
periodically send them to the coop -
erating Agricultural Experiment 
Stations at the -University of Minne-
sota and South Dakota State Uni-
versity. There, textile researchers 
with special laboratory eq\lipment 
evaluate fabric c.ondition and white-
ness, analyze water samples sent 
with the swatches, and study ways 
to decrease hard water laundering 
problems. 
Although water problems fre-
quently differ throughout the re- _ 
gion, textile researchers hope ~ 
home and laboratory efforts ~iwP 
provide guides that a homemaker 
can apply to specific conditions in 
At home, Mrs. Schuch, wife of the . 
county Extension agent at Sisseton, pre-
pares to dip a special "paper" thermom-
eter into the wash water so that labora-
tory workers can lat~r incorporate water 
temperatures into research data. The 
disposable thermometers are a type 
commonly used in research. 
Homemaker cooperators use meas-
ured amounts of a commercial deter-
gent furnished by the universities. The 
detergent becomes a research "constant" 
so that differences noted are for water 
conditions and do not feffect the type of 
cleaning agent used. 
Mrs. Schuch and Miss Jane Wilson, 
Roberts County home agent, go · over 
records kept by the homemaker show-
ing number of times swatches were 
laundered, if water softener was used, 
amount of detergent used, method of 
drying, and explanation of any problems 
encountered. 
rolJ 100~--lI.~ ~~ IOO~lJ~ 
By 
CoRA R. S1vi:.1ts, associate professor, an<l 
L1LL1.J\N 0 . LUND, professor, 
Textile Research 
Agricultural Experiment Station 
'l'in research on water and laundry problems -
her home. Extension home econom-
ics agents help locate cooperators, 
· assist in record keeping, and chan-
nel swatches, reports, thermometers, 
and water samples to the .research 
laboratories. 
Boosts Interest In Research 
This system of cooperation involv-
ing homemakers and the two uni-
versities has given the homemakers 
ari increased interest in textile re-
search. 
A preliminary pilot study includ-
ed women from Nobles County 
(Minnesota) and Moody County 
( South Dakota). White nylon slips 
were provided and these coopera-
tors wore and then laundered them 
along with their family wash. ( Re-
sults were reported in South Dakota 
Farm & Home Research, Vol. XIX, 
No. 1, Winter 1969). 
.• t , using inf_ormation from the 
p study, Extension Club mem-
bers in Itasca County ( Minnesota) 
and Roberts County ( South Dako-
ta) were secured as cooperators in 
a study using cotton-polyester shirt-
ing fabric which was laundered 
only, eliminating the "wear" factor. 
After 15-20 launderings some of 
these swatches were not acceptable 
as far as whiteness was concerned in 
relation to white shir.ts. In an effort 
to correct these and other condi-
tions, laboratory exp~riments are 
now underway to determine how 
original whiteness can be retained 
. or restored. 
New Fabrics Used 
Currently, to keep up with n:ew 
fabrics appearing on the market, 
cooperators are laundering swat-
ches of shirting materials which 
have permanent press and soil re-
lease finishes. Cooperators are from 
Day, Marshall, and Roberts Coun-
ties in South Dakota and Itasca 
County, Minnesota. The South Da-
kota homemakers were invited to 
the SDSU campus last fall where 
personnel from the textile research 
9 
department demonstrated the why 
and how of the experiments. The 
women were also given their sup-
plies at this time. 
These cooperative efforts not only 
stimulate interest in textile research, 
but also provide a valuable means 
of obtaining data about specific wa- · 
ter problem areas under practical, 
at-home laundering conditions. In 
the laboratory we'd have a difficult 
time trying to duplicate all the var-
iations in problem water conditions 
and it would be virtually impossible 
to come close to simulating the dif-
ferent types of equipment, methods 
of washing and other "at-home" fac-
tors. 
Right now, additional data are be-
ing obtained and laboratory analy-
ses made which researchers antici-
pate will lead to recommendations 
to help South Dakota and Minne-
sota residents who have water pro-
blems. O 
BEEF 
CATTLE 
RANCHING 
... ill central 
south dakota 
By 
HERBERT R. ALLEN, 
Assistant professor, Economics, 
Agricultural Experiment Station 
FARMERS and ranchers in Central South Dakota ( shaded area on 
map, figure 1) have many alterna-
tive crop and livestock enterprises 
from which to choose. This presents 
a problem of how to best organize 
the ranch business for maximum 
profits. 
Grassland is a major resource of 
the· area. Consequently, beef pro-
duction has been a major enterprise, 
but many beef producing programs 
may be followed. Likewise, many 
different systems of pasture produc-
tion and utilization may be employ-
ed in producing beef. Beef cow and 
calf programs and steer grazing, or 
-. some· combination of the two, are 
_.. the most common enterprises. 
Crops 9omIJ!o~ly grown in tp.e area 
includ_e corn, sorghµm, oats, wheat, 
barley; flaxseed; soybeans and r~. 
To help ranchers determine the 
most profitable crop and livestock 
system for beef production, South 
Dakota State University economists 
·have made a study of ranch organ-
ization. This study is part of a joint 
-research project of the Plant Sci-
·ence, Animal Science and Econom-
ics Departments. Purpose of the ec-
onomics study was to determine the . 
highest profit land-use program 
from among the many pasture im-
provement programs and pasture 
management systems for beef pro-
tion on a typ~cal ranch. 
Method of Study 
To determine t·he most profitable 
method of ranch organization a spe-
cial linear programming model was 
developed for use with the electron-
ic computer. The use of a computer 
enabled the consideration of many 
alternative crop and li:vestock enter-
prises. Each crop and livestock en-
terprise could be included in the 
ranch plans at either a low, medium 
or high level of management an<l 
production efficiency. This report 
considers only the high level man-
agement since it most nearly repre-
sents the expected · performance of 
farmers and ranchers in the next 5 
to 10 years. 
Crop Production 
Grain crops could be produced 
on 500 acres of cropland on a 1,600-
acre ranch which was assumed to 
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be typical for the area studied. Crop 
yield and price assumptions used in 
developing the plans are shown in 
table 1. Alternative crops that could 
be produced in the high profit plan 
are the same as those in table 1. This 
included corn, oats, barley, grain 
sorghum, wheat and flax. 
livestock En,erprises 
Livestock enterprises were limit-
ed to · those growing out of a beef 
cow herd. Purchase of feeders off 
. the farm and introduction of non-
beef livestock enterprises were not 
permitted. Two basic cow-calf pro-
grams were . considered. One pro-
gram produced feeder calves for 
sale on October 30 and the other 
produced calves to be held longer 
and sold in January. Each of the 
programs could · be carried out us- . 
ing either a 10-month grazing pro~ 
. gram or a 5!-month grazing pro-
gram. The 10-month grazing pro-
gram required 3! months of grazing 
during the winter. It also required a 
crested wheat pasture for grazing 
between April 15 and May 15 plus 
adequate pastmes for grazing from 
May 15 to November 1. The 5}-
month grazing pro.gram provided 
grazing between May 15 and Nov-
ember 1. A 92% calf crop was as-
sumed in both programs. . 
Beef production strategies con-
sidered in developing the ranch 
plans are indicated in figure 2. 
Calves weaned in October could be 
sold as feeders, fattened in drylot 
, ,or wintered until April 15. At the 
end of a wintering program the 
yearling calves could be sold as 
feeders, grazed for 6! months and 
sold, or they could be grazed for 42 
months. At the end of 4! month's 
Table l. Crop yield and 
price assumptions 
Price 
Per 
Yield bu. 
Com ······-·-··· ·---------··-·····--···--···---- 41 $1.10 
Oats -·····-····--······--·--·--··----··-·--·---· 59 .55 
Barley ··-·······------- --·--····---··-··--·· ·- 46 .81 
Sorghum grain ---···-·-·······---··-··-· 45 .95 
Flax .... ·-·······--- --····-·-------··-··-----· 16 2.75 
Spring wheat 
following row crop -···· ·--···---· 27 1.82 
Spring wheat 
following small grain·-···· ·-··-·-- 24 1.82 
Spring wheat 
following fallow or alfalfa.... 30 1.82 
• 
• 
• 
• 
grazing the heavy yearling cattle 
could be sold as feeders or placed in 
drylot and fattened for sale in Dec-
ember. Calves g:razed for 6-! months 
made use of crested ,wheat as an 
early spring pasture while those 
that grazed for only 4-! months used 
only native grass pastures or tame 
grass summer pastures. 
Forage Production 
Alternative forage production 
systems considered for use in the 
high profit plans are briefed in table 
. 2. Seasonal distributions assumed 
for the various pasture programs 
are also shown in table 2. One of the 
alternative .pasture pl.'ograms con-
sidered is called "System Produc-
tion and Grazing." This "pasture 
system" utilizes crested wheat-alfal-
fa, brome-alfalfa, warm season na-
tive grass, and Russian wildrye pas-
tures in a rotational grazing system. 
The data presented in table 2 repre-
sents the seasonal production per 
acre of the total system. ( For details 
o_n this pasture system.see A Pasture 
System for You, FS. ~?7, Coopera-
Figure I-Location of Williams-Tetonka-Cavour Soil Association (soil clas-
sification 67, 68, and 73 as.identified in South Dakota Soils, FS 134A, Soil Series 
No.5.) . 
tive Extension Service, South Dako-
ta State University). 
A pasture renovation activity was 
provided -as an alternative method 
of using grassland in poor condition. 
Renovation involved interseeding 
Cow Herd~- Spring Calving 
92 calves per 100 cows 
5 1/2 or 10 months grazing 
with supplemental winter feed Figure 2-Beef production strategies 
considered in ranch planning. 
435 lb. calves in October! 
520 lb. calves in January! 
Fatten 435 lb. calves; Nov. 1-July 28; 
Sell weighing 1,035 lbs. 
Winter 435 lb. calves; Nov. 1-April 15; 
Ending weight 600 lbs. 
Se 11 as feeders 
weighing 600 lbs. 
Graze 600 lb. yearling 6 1/2 months; 
April 15-Nov. l; sell weighing 912 lbs. 
Winter 435 lb. calves; Nov. 1-May 15; Graze 
from May 15-Sept. l; ending weight 816 lbs. 
Se 11 as feeders 
weighing 816 lbs. 
Fatten 816 lb. feeders; Sept l-Dec.23; 
sell weighing 1,100 lbs. 
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with a mixture of blue grama, west-
ern wheatgrass, big bluestern and 
green needlegr~ss. This method of 
renovation was assumed to result 
in poor condition grassland becom-
ing equally as productive as grass-
land in good condition. Renovation 
costs amount to $3.61 per acre after 
. substracting $6.00 per acre as an 
Agricultural Conservation Program 
payment. Additional costs of reno-
vation include $7.22 per acre future 
income lost over a 2-year period as 
the result of resting the range while 
a new seeding is becoming estab-
lished. Net total costs of $10.83 per 
acre were amortized over a 10-year 
period. 
Results 
Table 3 presents the land use pro-
gram that resulted in highest profits 
under the yield and price assump-
tions used in this study. When 
$32,488 of operating capital was em-
ployed 30% of the cropland was us-
ed to produce flax and wheat. Corn 
was produced on 65% of the crop-
land to provide feed grain for the 
beef fattening program shown in . 
table 4. No grain could be. purchas-. 
ed off the farm in the development 
of these plans. A 53 cow herd pro-
duced 49 calves. Nine of the calves 
were held for herd replacement and 
40 were wintered, summer grazed 
for 4! months and then fattened in 
drylot. 
Forage production was obtained 
from 1,056 acres of native grass in 
good condition after the renovation 
of 160 acres that were in poor condi-
tion. A total of 216 acres of the na-
tive grassland were used to produce 
hay and the remaining 840 acres 
were grazed. The forage production 
and utilization program, when $32,-
488 of operating capital was em-
ployed, is given in table 6. Winter 
grazing for the calves was obtained 
from the corn stubble. The plan also 
shows that 4% of the cropland (19 
acres) was in tame grass pasture. 
This pasture provided fall grazing 
for the cow herd. 
When operating capital was lim-
-ited to $15,000 the size of the cow 
herd was reduced to 15 cows, 
_ deferred grazing was used on the 
pasture land in poor condition and 
all cropland was used for grain pro-
duction. A further reduction in ope-
rating capital to $5,000 resulted in 
no livestock being produced. Over 
Table 3. High profit plans for a 1,600-acre ranch under three levels 
of operating capital available. 
Operating Capital Used (Dollars) 
5,000 15,000 32,488 
Item 
Corn for grain ________ __________ __________________ _ _ 
Corn silage -------------------- ____ __ __ -------- __ ___ _ 
Wheat -- --------------------· ----------------------------
Flax _______ ___ _____ ________ ·----------------- -- -------- ----
Fallow -- ---------------------------------------------__ 
Unused Cropland ______ __ __ __ ____________ ______ :
Brome-Alfalfa ------------ --------------------------
Russian wild rye ----- ----------- -- ---- ----------
Total Cropland ------ -------- --- --------- --
Native pasture renovated ______________ ____ _ _ 
Native pasture (poor condition) 
deferred grazing ---------- ------------ ----- --
Native pasture (good condition) ____ ___ _ 
Native hay -------------------------------------------- · 
Unused pasture ______ _____ -------------------------
Total native pasture _______ ____ __ __ ___ _ 
Acres 
16.0 
0.0 
303.2 
0.0 
143.8 
37.0 
0.0 
0.0 
500.0 
0 
0 
0 
0 
1,056 
1,056 
60% of the cropland was used to 
produce wheat with about 30% of 
the cropland fallowed. All pasture 
land was idle and 37 acres of crop-
land was not used because of a 
shortage of capital. 
% of % of % of 
Cropland Acres Cropland Acres Cropland 
3.2 355.4 71.1 324.1 64.8 
0.0 2.1 0.4 4.2 0.8 
60.6 34.5 6.9 34.5 6.9 
0.0 108.0 21.6 117.3 23.5 
28.8 0.0 0.0 0.0 0.0 
7.4 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 1.0 0.2 
0.0 0.0 0.0 18.9 3.8 
100.0 500.0 100.0 500.0 100.0. ~ 
0 160 
160 0 
223 680 
31 216 
642 0 
1,056 1,056 . 
Net ranch income, as shown in 
table 7, ranged from $6,709 to $16,-
97 4 depending on the amount of 
_ capital available. 
SUMMARY AND CONCLUSIONS 
Table 2. Seasonal distribution of forage production per acre from various 
forage crops under different management programs, Hyde County. 
The most profitable plan on a 
typical 1,600-acre ranch in Central 
South Dakota included 480 acres of 
t) 
Item 
Pasture Production* 
Hay Apr. 16- May 16- July 16- Sept. 1- Nov. 1- Season 
Productiont May 15 July 15 Aug. 31 Oct. 31 Apr. 15 Total 
cropland in grain crop production · --- ~-
plus 20 acres of cropland in tame ·~ 
Tons Animal Unit Months 
Crested wheatgrass, not fertilized 1.0 1.0 
Crested wheatgrass, fertilized ___ 1.52 1.52 
Crested wheatgrass and alfalfa _ 1.11 1.11 
Brome-alfalfa, rotation 
grazed, fertilized ----------------- .37 1.667 .308 .417 2.392 
Brome-alfalfa, continuous 
grazing, no fertilizer _____________ 1.0 .75 .5 2.25 
Sudan grass ------------------------------- 5.0 5.0 
Russian wild rye ______________________ ____ .2.0 2.0 
Native grass, good condition, 
no · fertilizer ------------------------ __ .21 .16 .1 .47 
Native grass, good 
condition, fertilized .41 .31 .21 .93 
Native grass for winter 
grazing, (Western 
wheatgrass) ---------------------------- .57 .57 
Native grass, poor condition, 
continuous grazing ___ ____ ______ ___ .07 .05 .03 .15 
Native grass, poor condition, 
deferred grazing ______________ ___ ___ .16 .1 .06 .08 .12 .36 
System production and grazing .083 .275 .418 .195 .604 1.492 
-' -Native grass for hay __ __ _____ _______ ____ .8 
-Af\ermath grazing 
Corn stubble: 
Low· efficiency __ ______ ____ __ ______ .3 .3 
~edium efficieQcy ---------- -- .35 .35 
High efficiency ------------------ , .4 .4 
Small grain stubble, all levels 
of efficiency -- -------------------------- .1 .1 
Alfalfa hay ground, 
not fertilized --------------·----------- .2 .2 
Alfalfa hay · ground, fertilized ____ .5 .5 
*Pasture production and utiliza tion is measured in Anima l Unit Months (AU Ms). An animal unit 
represents 1 ;ooo lbs. of li veweight. A 580 lb . steer grazi ng for one month requires .58 AU Ms. A 
pasture th at wou ld carry a 1,000 lb . cow fo r one month on one acre would produce 1 AUM per 
._ acre. Figures represent the es tim ated normal productivity as derived from current resea rch anJ 
. survey reports. 
-!-H ay production in grass_ hay equivalent tons. 
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Table 4. High profit livestock pro-
d'Jction program for a 1,600-acre 
ranch under three levels of operat-
ing capital availability 
Operating 
Enterprise 
Capital Used (Dollars) 
5,000 15,000 32,488 
Head 
Cow-calf herd , 5Y2 
month grazing ______ __ __ 0 15 53 
Winter calves on 
pasture and hay ____ ___ 0 12 40 
Summer graze yearlings, 
4 Y2 months ·- -- --------- · 0 12 40 
Fatten yearlings ______ ______ 0 12 40 
Table 5. Price assumptions for 
choice grade beef cattle used in 
ranch planning. · 
Price per Cwt. 
Feeder calves, 425 lb. in Oct. __ ___ __ $29.00 
Feeder calves, 520 lb. in Jan. ____ ___ 28.50 
Yearling feeders, 600 lb. in April 25.50 
Heavy yearling feeders, 912 lbs. 
in Nov. _________ --------------------------- _ 24.00 
Heavy yearling feeders, 
816 lbs. in Sept. __ ___ _ ___ ____________ 24.25 
Slaughter cattle, 1035 lbs. in July 25.00 
Slaughter cattle, 1100 lbs. in Dec. 24.50 • 
• 
• 
• 
Table 6. Forage production and utilization with high level efficiency in crop more or less cropland relative to 
pasture land than that presented in 
these plans. However, the high pro-
fit plans as developed in this study 
can serve as guidelines for ranchers 
in planning their own operations. 
They may also serve as guidelines to 
ranchers who anticipate expanding 
or "growing into" the type of opera-
tion represented by the high profit 
plans presented here. 
and livestock production with $32,488 of operating capital available. 
Pasture Production and Use 
Tons A.U.M. A.U.M. A.U.M. A.U.M. A.U.M. 
Hay May 16- July 16- Sept. 1- Nov. 1- Season 
Item Acre Production July 15 Aug. JI Oct. 31 Apr. 15 Total 
Tame pasture 
Brome-alfalfa, 
rotated and fertilized ___ 1.0 0.4 
Russian wild rye ________ __ ____ 18.9 
Native grass 
good condition, 
not fertilized ________________ 679.5 
poor condition, renovated 160.0 
Hay ------ ---------------------------- 216.5 173.2 
Crop aftermath 
Corn stubble -------------------- 181.0 
Small grain stubble ________ __ __ 34.5 
Total Production ______ 173.6 
Livestock enterprises Head 
Cow..calf, 5Y2~month 
grazing ------------------------ 53 143.1 
Winter calf, pasture 
and hay ------------------------ 40 14.6 
Summer graze yearlings 
4V2 months ---------------- 40 9.2 
Fatten yearlings 40 6.7 
Total Use -------------- 173.6 
pasture. There were 1,056 acres of 
native pasture in gqod condition 
(after renovating 16Q acres that was 
assumed to be in poor cendition). 
Livestock production included a 
cow-calf herd of 53 cows under a 
51-month grazing program. The 
calves were wintered on pasture 
and hay, grazed the following sum-
mer for 4! months and then fatten-
ed in drylot. It was assumed that 
this program could be carried out 
with the labor supplied by the op-
erator and his wife with a small 
amount of seasonal labor hired 
when needed. This plan also assum-
ed that adequate capital was avail-
able. 
The results of this study indicate 
that when adequate capital is avail-
able, efficient operators in Central 
South · Dakota will find it profitable 
to use _most of their cropland to pro-
duce feed grain and process it 
through beef fattening activities 
from the cattle grown on native 
grassland. High profit plans include 
the renovation of native pastures in 
poor condition and some tame pas-
ture production on cropland to pro-
vide for full season pasturing. Win-
tering and summer grazing of calves 
and drylot f~ttening at the end of 
the summer grazing period are also 
part of the plans. Such a program 
provides flexibility in adjusting to 
1.7 0.3 0.4 
37.8 
142.7 108.7 68.0 
33.6 25.6 16.0 
3.5 
178.0 138.1 122.2 
122.4 91.6 122.2 
55.6 46.5 
178.0 138.1 ·122.2 
72.4 
72.4 
72.4 
72.4 
2.4 
37.8 
319.4 
75.2 
72.4 
3.5 
510.7 
336.2 
72.4 
102.1 
510.7 
When capital is a limiting factor 
highest profits might be obtained by 
curtailing the livestock program 
and concentrating on efficient crop 
production. Livestock curtailment 
involves · reducing the size of the 
cow herd rather than eliminating 
the wintering, summer grazing and 
fattening activities. 
pasture_ 9~rrying capacity from year 
to year due to weather variations. 
Changes in the number of · calves 
kept on pasture might be used ip 
making adjustments to these condi-
tions rather than making changes 
in the basic breeding herd. When 
calves are sold as feeders in October 
the adjustments must come by mak-
ing changes in the size of the cow 
herd. 
High profit crops in Central South 
Dakota, as found in this study, were 
corn, wheat and flax. The combina-
tions of these crops grown on any 
individual farm or ranch may vary 
depending upon production effi-
ciency in each of the crops, capital 
position of the operator, and the 
amount of feed grain needed in live-
stock production. · 
For more details on the results of 
this study see An Economic Analysis 
of Ranch Organization in Central 
South Dakota, Technical Bulletin 
No. 33, Agricultural Experiment 
Station, South Dakota State Univer-
sity, Brookings. D Many ranch operators may have 
Table 7. Resource requirements and income from high profit ranch plans 
on a l ,600-acre ranch under three levels of operating capital availability. 
High efficiency in crop and lives~ock prod uction. 
Operating Capital Used (Dollars) 
Item 5,000 15,000 32,488 
Crops sold _: _____ _____________ _______________________________ $15,620 $22,153 $20,075 
Livestock sold _ ------------------------------------------- 0 3,540 12,054 
Gross Receipts ------------ ------------------------$15,620 $25,693 $32,129 
Less" Operating Expenses* __ ----------------------- 4,813 8,997 11,057 
Less Fixed Expenses --------------------------------- 4,098 4,098 4,098 
Net Ranch Income -------------- -- ---- ----- $ 6,709 $12,598 $16,974 
Less interest on operating capital · @ 7% _ 350 1,050 2,274 
Less interest on land capital 
($95,408 @ 6% ) --------------------------------- 5,724 
Less Value of operator's labor ' 
($1.50 per _hour) --------------------------- ----- __ 1,121 
Return to Management ______ : _____ ______ ____ $ -486 
Hours of operator labor ----------------------------- 747 
Hours of hired labor --------------------------------- 0 
Acres of cropland in ranch ---------------- ------- 500 
Acres of cropland not used ---------------- -------- 37 
Acres of native grassland in the ranch _______ 1,056 
Acres of native grassland not used ________ __ ____ 1,056 
•Hired labor included. 
5,724 5,724 
2,039 2,967 
$ 3,785 $ 6,009 
1,359 1,978 
177 243 
500 500 
0 0 
1,056 1,056 
642 0 
j·Opera ting capital includes all var iable costs in crop and livestock production p luis in vestment 
capital in livestock. 
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Not so modern after all ••. 
r-E,OUCZ:1--1 
THE TURKS call it tir. South Dakotans call it deep fur-
row seeding of winter wheat. 
It's comparatively new in South 
Dakota, introduced and coming into 
-general use during the past 25 years 
or s·o. Some of the hottest new mo-
. dels of equipment for deep furrow-
ing have appeared on the scene in 
the past 3 years. 
The Turks have been using their 
tir deep furrow broadcast seeder for 
generations. Some of the hottest 
new models there during the past 5 
years have been made by the village 
blacksmith although commercial 
adaptations are also . appearing. 
But neither the Turks nor the 
South Dakotans can claim they've 
adopted something "new under the 
sun." Deep furrow seeding methods 
and implements date back at least 
4,000 years. 
American scientists in Turkey 
assisting in establishing a land-
grant-type university at Ataturk and 
Fig. t.' This is a "tir" broadcast seeder 
in use in Turkey. Boards along each side 
of a wooden plow form a trough. The 
man walking at the side scatters seed on 
the moist soil in the furrow bottom. 
Dr. Ross, author of this article, 
spent 2 years in Turkey as part of -a 
· · University of Nebraska contract-team 
that assisted in establishment of a 
land-grant-type university and agri-
cultural improvement program. 
In the Spring issue of South Dako-
ta Farm & Home Research he de-
scribed how improved wheat varie-
ties and U. S. production techniques 
are helping increase wheat produc-
tion in food-short Turkey. Since our 
wheats originated in these same 
an agricultural improvement pro-
gram to go along with it during the 
past few years have had an oppor-
tunity to see a 4,000-year-old farm-
ing practice jump to 20th-century 
progress. Impetus of the jump is 
- obvious: power, power in the form · 
of farm tractors. 
Seed Where Moisture · ls 
Whether in South Dakota or in 
Turkey, deep furrow planting is us-
ed in order to place seed down in 
the soil where the moisture is. It 
also protects the seedlings during 
the · winter and provides a measure 
of soil conservation. In Turkey early 
spring plowing and subsequent 
shallow-depth weed control during 
the summer results in keeping mois-
14 
· areas, he characterizes the assistance 
as "Repaying ·a Debt to Turkey-
with Interest." 
Dr. Ross is a professor in the Plant 
Science departm~nt of the Agricul-
tural Experiment Station. 
Permission for use of the photo in 
figure I is from Professor Fritz 
Christiansen-Weniger and for the 
drawing in figure 4 · is from Professor 
Samuel Noah Kramer. Photos for fig-
ures 2 and 3 were furnished by t'he 
·author. 
• • 
ture just below the surface layer of 
loose soil. The general idea is the 
same in South Dakota o.r in other 
similar regions. 
To plant the seed in this moist 
soil, the Turks place boards along 
each side of their wooden plow. 
Thus a V-shaped open trough is 
formed through the summe·r fallow-
ed soil. The implement, pulled by 
oxen driven by the operator stand-
Fig. 2. With tractors 'becoming more 
. ,ivailable to provide more power, the 
oxen-drawn tir develops into something 
more sophisticated and larger. Steel was 
substituted for wooden parts and a seed-
er box with metering device mounted on 
top of a frame. · 
t) 
• 
By 
JAMES G. Ross, 
Professor of agronomy, 
f.gricultural Experiment Station 
~ . 
ingonthefi-ont,~k~~~w~~Until recently, near the head-
wheat seed is hand-scattered into waters of the Tigris and Euphrates 
the moist earth at the bottom be- rivers, the Turks have been limited 
tween the two boards by a second to a tir that plants only one row at a 
person walking alongsjde. Soil closes time. This was because of differing 
into the furrow, covering the seed, as soil textures which made some heav-
the implement passes. Essentially, ier and more difficult to plow than 
the South Dakota farmer accomp- others. Also, a single row plow was 
lishes the same thing although he about all that ox-power could pull. 
merely goes to his implement dealer The same limitation would have ap-
to obtain his deep furrower. The dif- plied to South_ Dakota only a few 
ference is that he uses a tractor for generations ago. 
considerably more power. 
Ancient Use of Method 
The ancient use . of a seeding 
machine somewhat similar to that 
used in parts of Turkey is shown on 
"cylinder seals" dating from about 
1700 B.C. at the time of the Sumer-
ian civilization and found in ruins at 
Nippur in lower Mesopotamia. (The 
cylinder seal was used to imprint an 
owner's mark on clay placed around 
the rim of a jar on the surface of 
cloth or leather stretched over the 
the top of the opening.) D:rawings of 
these ancient deep furrowing imple-
ments show a refinement seldom us-
ed in Turkey now. Instead of hand-
scattering seed, it was dropped into 
a funnel-type device that directed it 
into the open furrow. 
Deep Furrow Boosts Yield 
The Turks are "sold" on the idea 
of deep furrow planting, which is 
probably the main reason for its 
development-or continuance. They 
say their return is about 15 times the _ 
amount of the seed used with deep 
furrowing and perhaps only two or 
three times with broadcast seeding. 
An adaption of the tir is now being 
made by farmers in one region. Steel 
is used instead of wood to make the 
furrow-opening device, although at 
first farmers were fearful that steel 
would "poison" the soil. Later they 
found that instead of just one, five 
plows could be Rlaced side by side 
on a three-point..:hitch seeder pro-
vided a tractor was available to pull 
it . 
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Fig. 4. An early model deep furrow 
seeder pulled by oxen is shown in this 
drawing from the impression of a cylin-
der seaUound in Euphrates valley ruins 
and believed to be about 3,700 years old. 
Note the funnel-like attachment above 
the implement through which seed was 
dropped into the furrow. Could this be 
the forerunner of the modern imple-
ment's seed tube which carries the seed 
from seed box into the furrow opening? 
New deep furrow seeding meth-
ods are still being developed in both 
Turkey and South Dakota. Included 
are those that place seed in front of 
and between split wheels which 
open a furrow and pack the soil on 
either side of the seed, while another 
type deposits seed behind shovels or 
soil openers and firms the soil 
around the seed with packer 
wheels.D 
Fig. 3. Tractors provided power to _ 
pull even larger models of the 4,000-
year-old "tir." In this case five furrows 
are made at the same time. 
Two types of half floors: screened (left) and wood-slotted. 
More On Those Candid Camera Calves ... 
Agricultural Experiment Station researchers have come up with ad-
ditional possibilities for dairy calf housing design as a result of continuing 
evaluation of "babysitting" some 15 to 20 calves by means of time-lapse 
photography. 
· · In the Spring 1969 issue of South Dakota Farm & Home Research, 
James L Reeves, graduate student, and Harvey G. Young, SDSU agricul-
tural engineer, discussed use of the time-lapse photography technique in 
a study of freestall housing. · The method, used in an experimental calf 
shed, consisted of setting up a 16mm movie camera which automatically 
snapped a picture every 60 seconds mi a 24-hour basis for a 3-day period 
until a 100-foot roll of film was exposed. Repeated over a period of several 
weeks, the researchers obtained a fairly complete record of calf activities. · 
After studying hundreds of pictures and computerizing the data, 
Reeves and Young report some of the findings in the accompanying article. 
Harvey G. Young, SDSU ag engineer, inspects stalls of different widths. Saw-
dust bedding is used here. 
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WITH A computer's help, Sot.A Dakota State University agW,J)) 
cultural engineers believe they've 
established "communications" with 
dairy calves. 
As a result, it's quite possible 
someday you'll build your free stall 
dairy housing to "calf-tested'' speci-
fications. Also, next time researchers 
turn to bovine babysitting they'll 
add a few refinements to the design 
of the experiments too-thanks to 
what the calves "told" them. 
It stems from research last winter 
with an automatic 16mm·-movie 
camera that snapped a picture every 
60 seconds to keep track of contin-
uous activities of dairy calves 24 
hours a day. Computerized data 
from hundreds of these babysitting 
They 'tell it lilce it 
Dairy ct 
pictures p 1 u s eye-balling film 
through a special projector gave 
engineers a communications line 
from calves that may help improve 
dairy housing. 
Here's part of what the calves 
communicated: 
•Individual stalls suit them 
fine. 
•Wider stalls were preferred. 
•Screened half-floors in stalls 
were more popular than slotted 
wood half-floors. 
e'fhey don't like drafts either,. 
especially these blowing 
through their barn. · 
.. 
• eThey're full of curiosity. 
• Although non-committal on 
type of bedding preferred, 
calves led researchers to be-
live there's more to it.than what 
me·t the camera eye. 
"The calves gave us some design 
ideas and 'how-to-do-it' suggestions 
on time-lapse photography techni-
ques as well," explains Ag Engineer 
Harvey G. Young, leader of the 
_ dairy housing project for the Agri-
cultural Experiment Station. 'Tm 
sure the calves have a lot more to 
say than what they 'told' us in this 
initial research." 
Ten stalls on both sides of a cen-
tral alley-way were included in the 
experiment. At times during· day or 
. ' IS ••• 
least one case, the 26-inch stall was 
too wide-it permitted the calf to 
turn around and face the alley-way." 
But some calves just stood up in 18-
inch stalls, apparently afraid to lie 
down because they might have trou-
ble getting up. Researchers believe 
the 150- to 350-pound calves were 
"telling us" that 18-inch stalls were 
too narrow while the widest one in 
this experiment might have been too 
large. Ideally, the designers want 
stalls wide enough for comfort but 
narrow enough so _calves always 
face inward and must back out to 
leave. This keeps the front ends of 
stalls cleaner. 
While calves picked screened 
half-floor stalls-especially at the 
ends of the building-over those 
"Wider angle lens would also prob-
ably give the calves a better chance 
to show us what they liked best in 
the way of bedding." 
Just as you wouldn't tempt a hu-
man baby by arousing his curiosity 
with an unusual article in a play 
pen, you should keep this in mind 
with calves too. Says Young: "Our 
pictures showed them to be a cur-
ious bunch so as a hint, I'd suggest 
keeping the calf's 'play-pen' well po-
liced-up and don't leave anything 
around that might be harmful to 
them." One of the time-lapse pic-
tures caught . a calf in the act-at 
high noon-of crowding into one of 
the closed-off stalls and nibbing on a 
cord that was inadvertently left 
dangling. 
I es and· Free stall housing 
night, all stalls would be in use. 
They were used more betweeq 9 
p.m. and 3 a.m. than between 9 a.m. 
and 3 p.m. "This indicates," re-
searchers say, "that calves must be 
on ~amera continuously to provide 
suitable data on occupancy and sel-
. ect_ion:" This is one hint the calves 
gave on designing the research plan 
itself. 
"Calves preferred 26-inch stall 
widths over 22-inch widths, and 
they liked both of these better than 
the 18-inch stalls,'' Young says. 
Stalls were 4 feet long with walls 30 
•
hes high. 
'This doesn't necessarily mean 
that stalls should be exactly 26 in-
ches wide/ he points out. "In at 
with wooden slotted half-floors, 
Young would like another "reading" 
on this phase of the research. He ex-
plains a ventilation vent in the mid-
dle of the experim~!}tal shed roof 
may have caused a draft to flow un-
der the half-floored stalls in the cen-
ter of the building. Thus, early-to-
bed calves with. a chance to choose 
took over end stalls. On the other 
side of the alley-way, with solid-
floor stalls, the preference for ·end 
stalls was not so evident. 
"Next time, we'll try to use more · 
cameras or a 'fish eye' lens so we can 
cover both sides at once," says 
Young who adds that equipment 
limitations prevented such photo-
graphy in this preliminary research. 
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If time-lapse photography is go-
ing to be used in additional research 
here are some points Young would 
like to incorporate: scatter different 
types of stalls ( size, floors , bedding) _ 
randomly within viewing-angle of 
the camera and possibly develop an~ 
infrared lighting system to check if 
full-time lighting as used in this ex-
periment alters animal behavior. 
Young suggests that since calves 
liked best the largest stalls available 
in this experiment, in the future the 
research should be designed to de-
termine size of the largest practical 
free stall. A few inches difference in 
each stall width would have consid-
erable effect on cost of a free stall 
housing building. D 
WIDELY SCATTERED RESE,ARCHERS 
Entirely by coincidence, the two re-
searchers who conducted the parasite 
study reported here are about as far apart 
as possible this summer. 
Major L. Boddicker is in Alaska fire 
· jumping for the U. S. Forest Service. He 
plans to return to SDSU this fall and re-
sume studies for his Ph.D. on a National 
Science Foundation graduate fellowship. 
{Incidentally, "Major" is his first name.) 
Ernest J. Hugghins is spending the sum-
i:ner in deep· jungle areas of the Amazon 
River · of five South American countries 
seeking further evidence relating to the 
continental drift theory. 
Dr. Hugghins' work is part of a contin-
uing effort by scientists toward learning 
more about the species relationships be-
tween fishes of South America and Africa. 
If parasites found in certain primitive 
South American fish are the same as those 
found in similar African fish, the finding 
-along with biological, geological and 
other evidence-will strengthen the con-
tinental drift theory. 
The Smithsonian Institution provided a 
grant for Dr. Hugghins' travel and the 
research is supported by the National Sci-
ence Foundation. 
This article discusses findings of a study, "Hel-
minths. of Big Game Mammals in South Da-
kota," by Major L. Boddicker, graduate teach-
ing assistant, and Ernest J. Hugghins, professor, 
Entomology-Zoology Department, Agricultural 
Experiment Station. 
INFESTATIONS of internal parasites such as stomach worms and tape-
worms in South Dakota's seven spe-
cies of big game animals range from 
light to heavy, from serious to sur-
prising. 
Generally, white-tailed deer and 
elk are lightly infested, pronghorn 
antelope heavily infested, bighorn 
sheep and mountain goats may be 
infested with lungworms that lead 
to death from pneumonia, and buf-
falo carry several potenti.ally dan-
gerous species of stomach worms. 
Surprisingly, several species of in-
te; nal parasites were found for the 
first time in wild game animals as a 
result of this study. 
Although some big game animals 
inhabit rangeland used by domestic 
livestock and some are infested with 
the same species of internal para-
sites , they are not believed to be an 
important economic factor , or reser-
voir, in spread of these parasites to 
domestic livestock. 
(Dr. Hugghins says: "A}.: 
though our main purpose was· 
to determine the extent of in-
ternal parasites in big game, the 
survey doesn't indicate serious 
interchange between wild rum-
inants and domestic livestock 
in South Dakota. There is some 
interchange of parasites, of 
course, but apparently not of 
major proportions.") 
Internal organs . of more than 200 
wild game animals from 26 South 
Dakota counties were examined 
and para~ites identified during the 
study. In a companion study involv-
ing a sampling of many of these 
same animals, pesticide residues, , 
when occurring, were at levels be-
low the Federal tolerances allowed 
for domestic livestock. 
Briefly, here are some of the. 
suits of the internal parasite sur 
WHITE-TAILED DEER 
Odocoileus virginianus. 
This animal is widely distributed 
in South Dakota, comprising about 
75% of deer harvested annually. The 
study indicated this big game spe-
cies was lightly parasitized. Out of 
83 animals examined , 13 were found 
to have one or more of eight internal 
paras.ites. One parasite, Ostertagia 
odocoilei, was found for the first 
. time in the west, previously having 
been reported only in Penn~ylvania, 
Louisiana, New York and Florida. 
The ~bsence of trematodes (flat-
worms) was of interest because (?nc 
species . is a common parasite of 
white-t3;iled deer in Minnesota. 
MULE DEER 
Odocoileus hemionus. 
Mule deer are not as abundant as 
white-tailed deer, being most num-
erous on prairies west of the Missou-
ri River and in breaks of that river 
and its tributaries. Parasitism • 
somewhat higher than in white- j 
ed deer but infestations were rela-
tively light. Out of 30 specimens ex-
amined, 14 were found to have 0ne. 
or more of six internal parasites. The 
three of these showing highest ind-
dence were species known to occur 
in domestic livestock, including t he 
fringed tapeworm,. Thysanasoma 
actinioides. 
PRONGHORN ANTELOPE 
Antilocapra americana. 
Abundant now on western South 
Dakota rangelands, the pronghorn 
antelope probably exceeded the 
buffalo in numbers in the middle of 
the 19th century. They became 
oundwar,ns 
arly extinct until protective legis-
. ion was enacted in 1911 and the 
64 population was estimated at 
nearly 25,000 animals. 
Out of 60 animals examined, 59 
were . heavily infested with internal 
parasites including one or more of 
15 species. Pronghorn antelope, cat-
tle and sheep often share the same 
range in South Dakota and they 
have been found to sometimes carry 
the same parasites. The parasites, 
C ooperia surnabada and Setaria 
_cervi, were found for the first time 
in this wild ruminant, previously 
being reported only from cattle. 
The sheep tapeworm, M oniezia 
expansa, was found in nearly 17% of 
the pronghorns examined. This par-
asite was consider~d a serious pest 
of young deer and pronghorns in 
Wyoming but serious effects were 
not noted in the S.outh Dakota 
study. Although the fringed tape-
worm of sheep is widespread in 
western South Dakota it was found 
in relatively few pronghorn ante-
lope. 
~ Little difference · in incidence or 
,a,pes of internal parasit~s was 
found between pronghor11:s on the 
normal western range and a· group 
in the northeast part of the state, 
which had been moved from Butte 
County in the early 1960' s. 
ELK 
C ervus canadensis. 
· Elk, f o r m e r 1 y distributed 
throughout South D al<ota, were ex-
terminated by 1900. A herd was re-
established in Custer State Park in 
1914 and now numbers about 600 
animals with an equal number 
roaming the Black Hills outside the 
Park. Out of 20 elk examined , 17 
were infested with one or more of 
seven species of internal parasites. 
Occurances of two nematodes, Ne-
matodirella longissimespiculata and 
N ematodirus helvetianus, were 
found for the first time in elk. Five 
elk harbored the common fringed 
tapeworm, although it was in the 
small intestine, rather than in the 
liver as is the case in domestic 
sheep. 
BIGHORN SHEEP 
Ovis canadensis. 
Although once common in South 
Dakota, the last native bighorn was 
shot in 1924 in the Badlands. A few 
bighorns have been introduced 
since that time and in the winter of 
1963-64 some from Colorado · were 
brought to · the Badlands National 
Monument area. All three of the ani-
mals examined in this study were in-
fected with one or more of eight 
species of internal parasites. Heavy 
infestation of the lungworm, Proto-
strongylus rushi, were found in two 
of the animals. 
MOUNTAIN GOAT 
Oreamnos americanus. 
Although mountain goats are not 
indigenous lo South Dakota, a herd 
got its start in 1924 when a few of 
them escaped from Custer State 
Park Zoo and made their way to the 
Harney Peak area. The herd num-
bers about 350 animals. Their inclu-
sion in this study was mainly be-
cause of the possible conditions 
arising from their limited range, 
overcowding, and fluctuating pop-
ulation. 
One goat examined was infested 
with three species of'. internal para-
sites, including the lungworm, Pro-
tostrongylus stilesi. Surveys in pre-
vious years had revealed no lung-
worm larvae in mountain goats. 
On the basis of current informa-
tion, the infestation of lungworm 
in the herd is considered to be seri-
ous and appears to be the most pres-
sing problem among the big game 
mammals in the state. Preliminary 
life cycle studies have started with 
terrestrial snails collected from the 
mountain goat range. The herd is al-
so heavily infested with stomach 
worms, among the most damaging 
of the worm parasites. 
AMERICAN __ BISON 
Bison bison. 
The last large scale buffalo hunt 
in the United States was in 1881 
near the present site of Lemmon. 
Several buffalo herds, "public" and 
"private," are now in South Dakota, 
and some include progeny from the 
famous "last hunt" as well as others 
purchased from the Sioux on the 
Pine . Ridge Reservation. 
Four out of five buffalo examined 
had one or more of eight species of · 
internal parasites. The finding of 
one species of worm, Ostertagia ·bi-
sonis, in three of the buffalo appears 
to be the only report of this species 
-since it was originally described in 
1925 although it has been found in 
cattle. Three other species, Osterta-
gia trifurcata, C ooperia surnabada, 
and Chabertia ovina, were found in 
bison for the first time during this 
survey. Also found in the bison was 
Haemonchus contortus, commonly 
known as wireworm, barberpole 
worm, or twisted stomach worm, 
which' is the most destructive dom-
estic sheep parasite in South Dako-
ta. O 
in wild game animals 
apewor,ns 
of south dalcota 
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A PROFITABLE d~iry herd must have good heifers to meet re-
placement needs. These needs are 
substantial because 25% of the cows 
in an average herd become unprofit-
able and must be replaced each 
year) according to the U. S. Depart-
ment of Agriculture. 
Meeting herd replacement needs 
has long been a serious problem for 
dairymen. Calf loss estimates na-
tion-wide range bet'Yeen 8% and 
25%, causing an annual loss to the 
industry esdmated at $50 million. 
South Dakota dairymen, unfortun-
ately, share these mortality losses 
and some studies indicate they may 
be higher than the national aver-
ages. 
Fluctuating climate of the Upper 
Midwest makes it difficult to adequ-
ately define a housing system to 
meet calf needs. Other preliminai~y 
sttiaies at South Dakota State Uni-
versity have indicated some advan-
tages for rearing calves in individ-
ual portable outside pens rather 
than in the conventional enclosed 
calf barn of the type used by most 
dairymen in the State. 
But: Does an outside calf rearing 
system actually hold any advantages 
over an indoor conventional sys-
tem? And: What age is the most ec-
onomical and efficient to wean a 
dairy calf from whole milk, whether 
it be in an indoor or outdoor sys-
tem? This study was conducted to 
get answers to these and other ques-
tions. 
CONCLUSIONS 
Indoor vs. outdoor housing briefly: 
• Young dairy calves can be weaned 
from milk at 21 days of age and exhibit 
growth rates comparable to calves weaned 
from milk at five weeks (35 days) or sev-
en weeks (49 days). 
• Young dairy calves reared in outdoor 
· calf hutches can be as efficient as calves 
reared in an indoor heated barn . 
• Various combinations of housing sys-
tems and weaning ages have no apparent 
effect on the growth rate of young dairy 
calves. 
• Calves weaned at 21 days consumed 
more starter to compensate for crude pro-
tein and net energy normally supplied by 
m'ilk given to calves weaned at later 
weaning ages. 
• As .measured by crude protefo and 
net energy intake~ efficiency of calves was 
equal for the two housing systems and th1e 
three weaning ages. 
• Neither housing system caused harm-
fol influence on health of calves. 
• Calves weaned at 7 weeks (49 days) 
were more subject to scours problems than 
calves weaned at 21 or 35 days. 
• Labor requirements· or labor costs 
would not be a factor when determining 
housing system or weaning age unless ex-
tremely large numbers of calves are raised. 
• Calves reared indoors required con-
siderably more bedding than outdoor 
calves because of less space allowed per 
animal. 
• Calves indoors had an environment 
with milder temperatures and ,humidities 
and less fluctuation than that of calves in 
hutches, but growth rates were not influ-
enced by the housing system. 
• Some advantages go to calves weaned 
from milk at earlier ages but type of 
housing system depends upon the situation 
· at hand, such as existing facilities, rather 
than being determined by labor require-
ments, animal health or growth rates. 
• Management is the key factor in the 
operation of a successful calf raising sys-
tem whether indoors or outdoors. 
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EXPERIMENT AL PROCEDURES 
Sixty Holstein calves w ere ran-
domly allotted to six treatments (7 
male and 3 femal e calves per treat-
ment) each consisting of a combina-
tion of housing system and weaning 
age. Housing systems were : an in-
door heated conventional calf barn 
with 4x8-foot individual p ens, and 
outdoor individual calf hutches con- . 
sisting of a 4x8-foot enclosed house 
plus an attached 4x8-foot open pen. 
W eaning ages of 21, 35 and 49 days 
were included within each housing .I 
system. Calves were maintained in r, 
the individual pens for 14 weeks 
and then for 12 weeks of the trial 
were housed in loose pens ·and open . 
housing with approximately 20 
calves per group. 
Calves were left with their dams 
for 2} or 3 days (five or six feedings) 
so sufficient colostrum was made 
available. The calves were moved 
to the individual pens on the fourth 
day after birth: This was designated 
as the start of the trial and milk 
feeding period. Calves w ere fed 8 
ppunds whole milk per day except 
for 2 days prior to weaning when 4 
pounds per day were fed. Animals 
weaned at 21, 35, and 49 days re-
ceived 160, 270, and 384 pounds uf 
whole milk plus colostrum, respec-
tively. Fifty milligrams of antibiotics 
were added to the morning milk 
feeding each day. Except for the 
amount of milk offered, the feeding 
regime was the same for all calves 
on the trial. Starter was offered free-
choice up to a maximum of 5 pounds 
per day and second or third cutting • 
chopped baled alfalfa-brorne grass 
hay was provided without restric-
tion. 
• 
• 
Growth measurements observed 
. included: body weight increase, 
length from withers to hips, length 
from withers to pins, height at witµ-
ers, depth of chest, and circumfer-
ence of chest. Also observed were 
bedding requirements, labor re-
quirements, hea,lth of the calves and 
temperature and humidity in the 
two housing environments. 
RESULTS 
Average daily gain for the six ex-
perimental groups during the 6-
n.onth trial is summarized in table 1. 
No differences in daily gain were 
observed between arw of the six 
groups at any time during.the trial. 
Neither housing system nor wean-
ing age had any apparent effect on 
the average daily gain of the calves. 
It was observed, however, that 
calves housed outdoors in the calf 
hutches for the first 14 weeks and 
weaned at 21 and 35 days of age 
gained slightly more weight during 
the last 12 weeks of the trial (when 
all calves were housed together in 
loose outdoor housing) than did 
those housed in the conventional in-
door barn. This may have been be-
cause the calves were acclimated to 
the outdoor environment and there-
Table 1. Average daily weight gains 
for 26 week period. 
weeks 
Group 1-14 14-26 1-26 
0-3 -- -- --------- -- 1.44 
1-3 --------- --- . 1.64 
0-5 -- -------- ---· 1.46 
1-5 ---- ·----------- 1.47 
0-7 ---- --------- -- 1.48 
1-7 ------------·· _ 1.55 
Average _______ 1.51 
(lb.) 
1.91 
1.67 
1.92 
1.86 
1.77 
1.77 
1.82 
1.65 
1.65 
1.67 
1.65 
1.67 
1.63 
1.65 
G? 
fore as large a transition was not re-
quired as by those housed indoors. 
However, calves weaned at 7 weeks 
(49 days) of age showed no differ-
ence between housing systems as far 
as daily gain was concerned during 
this period; thus validity of this 
theory tends to be reduced. No dif-
ference in growth measurements oc-
curred between any of the groups-
again the housi:r;ig system or wean-
ing age had no apparent effect on 
rate of increase in body size. From · 
these observations, it is concluded 
that, under conditions of this trial, 
the housing system, weaning age or 
a combination of the two had little, 
if any, effect on the growth rate of 
young dairy calves. 
Housing system had no apparent 
effect on starter consumption of the 
calves on trial but calves weaned at 
21 days of age consumed consider-
ably more starter than calves wean-
ed at 35 or 49 days of age. Hay con-
sumption was not affected by hous-
ing system or weaning age. Table 2 
illustrates average total intakes of 
milk, starter;and ~ay for the six ex-
perimental groups·. Calculations to 
detect efficiency of feed utilization 
( table 3 and table 4) show little 
difference between the six groups 
when pounds. of body weight gain 
· per pound of crude protein consum-
ed and pounds of body weight gain . 
per therm of net energy intake are 
compared. 
Health problems recorded over 
the 1-14 week period are briefed in 
table 5. No difference in number 
of cases of scours was indicated be-
tween inside heated barn calves and 
those housed in the outdoor calf 
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Note for use of tables: Under 
groups the "O" indicates hous-
ed outside, the "I" indicates 
housed inside, and 3, 5, and 7 
indicate weaning age in 
weeks. 
hutches. However, a gre_at differ-
ence was noted among calves wean-
ed at 49 days of age and those wean-
ed at 21 and 35 days of age. Calves 
weaned at 49 days appeared to be 
more susceptible to scours than 
were earlier weaned calves. No dif-
ferences in cases of pneumonia, 
bloat, or death losses were observed 
between housing systems or wean-
ing ages. 
Labor requirements were little 
different between housing systems, 
weaning ages,' ·or combinations of 
the two. The only notable difference 
was between the housing systems 
and this was due to the frequency 
of cleaning and bedding of the in-
Table 2. Group average total 
consumption. 
Group Milk* Starter Hay 
(lb.) 
0-3 -------- 160.0 315.4t 143.2 
1-3 -------- 160.0 328.0t 157.8 
0-5 -------- 272.0 276.5 163.9 
1-5 ------- - 272.0 247.0 190.8 
0.7 -------- 384.0 241.9 149.2 
1-7 -- -----· 384.0 243.0 164.0 
• Does ·not include colostrum milk consumed by 
calf with <lam prior to startin>! trial. 
t-P<.OI. 
Table 3. Pounds of body weight 
gain per pound of crude protein 
consumed. 
lb. 
gain/lb 
Crude protein consumed CP con-
Group Starter Hay Milk Total sumed 
(lb.) 
0-3 ---- . 52.04 26.30 5.60 83.94 1.70 
1-3 --- -·- 54.12 28.98 5.60 88)0 1.80 
0-5 --- ··- 45.63 30.09 9.52 85.24 1.68 
1-5 -- _ 40.76 35.04 9.52 85.32 1.69 
0-7 ---- _ 39.91 27.39 13.44 80.74 1.81 
1-7 ------ 40.10 30.10 13.44 83.64 1.77 
Table 4. Pounds of body weight 
gain per therm of net energy intake. 
Net energy intake 
lb gain/ 
therm 
of net 
Group Starter Hay Milk Total energy 
(Therms) 
0-3 -- 250.13 57.29 48.32 355.74 0.40 
1-3 -- 260.13 63.14 48.32 371.59 0.43 
0-5 -- 219.29 65.56 82.14 366.99 0.39 
1-5 -- 195.88 76.34 82.14 354.36 0.41 
0-7 -- 191.79 59.66 115.97 367.42 0.40 
1-7 _ 192.74 65.58 115.97 374.29 0.39 
Table 5. Health of calves on trial. 
Group Scours Pneumonia Deaths 
(Cases) 
0-3 ------- 3 0 l* 
1-3 -------- 4 0 0 
0-5 -------- 1 1 1 
1-5 --- ---- 3 2 1* 
0-7 -------- 9-1- 0 0 
1-7 ---- ---- 8t 1 2 
•Due to abnormal intestinal tract. 
W<.Ol 
Bloat 
0 
o_ 
0 
0 
0 
1 
_dividual calf pens: Indoor individ-
ual pens had to be cleaned nearly 
twice as often as the outdoor calf 
hutches mainly becaus_e indoor pens 
were only about half as large as the 
calf hutches. Despite this difference, 
labor requirements and labor costs 
would probably not be a factor in 
choosing one housing system or one 
weaning age over the others unless 
extremely large numhers of calves 
are raised. 
B e d d i n g requirements were 
greater for the conventionally hous-
ed calves than for the hutch housed 
calves because of the difference in 
floor area allowed the calves in the 
individual pens. Weaning age had 
no effect on bedding requirements. 
Comparisons made between in-
door. and outdoor environment re-
vealed that indoor housed calves 
ha_d warmer temperatures and low-
er humidities than those housed out-
doors. These advantages in environ-
ment should influence growth rates 
but daily gains during the first 14-
week period (table 1) were not dif-
ferent between those calves reared 
in the indoor calf harn compared to 
those reared in the calf hutches. The 
possible condusion is that under the -
environmental conditions found in 
this study, the environment does not 
play the active role once imspected 
in growth rates of young dairy 
calves.O 
Continuous corn is fine, but ~ .. 
:W:,et's 
Is IT necessary to use a legume ro-tation to maintain corn yields at 
their highest? 
or ... 
Can I go to continuous corn on 
level land not subject to erosion, use 
plenty of commercial fertilizer, and 
keep corn yields up without use· of 
legumes? 
Continuous corn has been raised 
since 1961 as part of a rotation ex-
periment at the Southeast South Da-
kota Experiment Farm near Center-
ville. Some of the results may help 
you in deciding what fits your situa-
tion best. If you can use alfalfa hay, 
perhaps that legume in a rotation 
may suit you. Or maybe you'd like 
to have sweet clover take the place 
of weeds after small grain harvest 
and "manufacture" nitrogen in your 
field. And continuous corn, with 
heavy amounts of commercial fer-
tilizer, may enable you to get the 
most out of your particular situa-
tion. With commercial nitrogen sel-
ling for half as much as it was 10 to 
15 years ago, the comparative value 
of legume and commercial nitrogen 
should he re-evaluated. 
Comparisons made in the data 
given here were averages taken 
from results of 5 years (1963-1968). 
No data were reported for 1967 be-
cause excessive moisture interfered 
with results in some plots. 
SWEET CLOVER GREEN 
MANURE 
After small grain is harvested, 
many stubble fields are allowed ,. 
grow a crop of foxtail and otH 
weeds before frost in the fall. This 
provides winter coyer and reduces . 
soil erosion in winter, but weeds ex.:. 
tract large amounts of water from . 
the soil. In this short period some 
weed species are able to mature 
seed. This provides a continuoi1s 
source of increased weed popula-
tions. 
As a result, the practice was dev-
eloped years ago of seeding sweet . 
clover with small grain and plowing 
in late fall. If you are going to allmv 
plants to pump out water from your 
stubble fields in late summer and 
fall, you might just as well get some -
thing in return. You cap get nitnl-
gen in exchange for the moisture 
( Continued, page 24) 
These photos were taken August 5 at the Southeast South Dakota Experiment 
Farm. Corn in the left half Qf the corn-oats rotation (Photo 1) received 75 pounds 
per acre of starter (8-32-16) plus 70 pounds of N per acre sidedressed. Corn on the 
. right half received no fertilizer. Note the response to fertilizer. 
Photo 2 also shows a com-oats sequence but sweet clover was planted with -
oats for green manure. Corn on the left received 75 pounds of starter (8-32-16) 
no supplemental nitrogen. Corn on both left and right received nitrogen from swe 
clover. Note effectiveness of sweet clover in stimulating growth in the unfertiliz_ed 
corn on the right. Plots were planted May 27. 
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F1\t:.D E. SHutn.c K , profrs~or of agronomy, 
Agricultural Ex periment Station, 
:111d l:L E. L1w1n.Ns t:.N, as~i,tant ~uperintenclent, 
Southea~t South Dakota Expe rime nt F:irm 
Let's not forget rotations • • • 
lost if you plant legumes to replace 
stubble fi eld weeds. W eeds such as 
foxtail do not have the symbiotic 
arrangement with microorganisms 
and cannot take nitrogen from the 
air and place it in the soil. (Through 
roots and turned-under tops of a 
sweet clover crop that would make 
ahout three-c1uarters of a ton of hay, 
the nitrogen yon would gain 
amounts to an estimated 60-70 
pounds an acre.) 
Sweet clover will take as much 
moisture out of the soil as some 
weed species. Therefore success of 
this practice depends _heavily upon 
total rainfall an<l its distrihntion. Ef-
fects of plowing down a sweet clover 
green manure crop on corn yield at 
the Experimental Farm near Cen-
terville are averaged for .S years in 
figure 1. 
There was a definite yield advan-
tage for planting sweet clover with 
small grain for a green manure crop 
in a 2-year corn-oat rotation. When 
no fertili zer was applied , the inclu-
sion of sweet clover increased yield 
of corn an average of 9 bushels an 
acre p er year over a 5-year p eriod 
( figure 1, column 2 ) . Seldom can W{' 
find b enefits of this magnitude for 
such a simple and inexpensive man-
~1geinent technique . It should b e Te-
membered that rainfall was favor-
able. When rainfall was averaged 
over the 5-year period it amount~d 
to 26.47 inches annually. This total-
ed slightly more than 6 inches for 
the 5 years above the long-time av-
erage. Previous experiments at Men-
no, several miles north and west, in 
. a similar cropping sec1uence indi-
cated that sweet clover was not a:-
successful for increasing corn yield. 
This was apparentl y due to less total 
rainfall and extreme fluctuations in 
amount from year to year. 
At Centerville, sweet clover was 
more successful in supplying nitro-
aen needs of th P corn crop. H ere's 
.':, . 
Figure I-Effect of sweet clover green manure crop and 
commercial fertilizer on yield of corn (5-year average). 
Figure 2-Effect of fertilizer and legume rotation on yield 
of corn (5-year average). 
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1 2 3 
Corn-oats sequence, unfertilized. 
Corn-oats plus sweet clov~r. sequence, 
unferti.l i zed. · 
Corn-oats plus sweet clover sequence, 
side band starter fertilizer on corn. 
Corn-oats sequence, side band starter 
plus supplemental nitrogen. 
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l -- Continuous corn, unfertilized. 
2 -- 1st year corn after alfalfa, unfertilized. 
3 -- 2nd year corn after alfalfa, unfertilized. 
4 -- 1st year corn after alfalfa, side band starter on 
corn. 
5 -- 2nd year corn after alfalfa, side band starter on 
corn olus suoolemental nitrooen. 
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what happened when phosphorus, 
potassium, and a little nitrogen 
were supplied by commercial ferti-
lizer as a sideband starter, and the 
rest of the nitrogen by sweet clover. 
Starter fertilizer was applied in a 
. band about 2 inches to the side and 
2 inches below the sef:d. Six pounds 
of. nitrogen were applied with 11 
pounds of P and 10 pounds of K per 
acre the last two years. Prior to this 
time 14 pounds of N, 15 pounds of 
P and no K were applied. Plant nu-
trients are expressed in elemental 
form ( Px2.29 = P20 5 and Kxl.20 = 
K~O). This side band fertilizer 
treatment increased com yields . an 
average of 7 bushels per acre each 
· year over the 5-year period compar-
ed to the same cropping · system 
without ferti!izer ( figure 1, columns 
2 and 3. Starter fel'tilizer treat-
ments have not always given a con-
sistent increase. in corn yield. Re-
sults on this soil in the past depend-
ed upon temperatures and rainfall. 
Now lef s see what happened 
when all supplemental nutrient 
needs were supplied by commercial 
fertilizer and sweet clover was omit-
ted from the corn-q~ts sequence. 
Sideband starter treatment was the 
same as in the sweet doveF -rotation 
mentioned above. Nitrogen needs 
were met 1n the last 2 years by side-
dressing 70 . pounds of N per acre 
when corn was 16-18 inches high. 
Prior to this , 50 pounds of N per acre 
were applied on corn. Stubble fields 
were plowed in the fall the same 
time as the sweet clover rotations. 
Fall plowing may increase erosion 
in dry years. To reduce erosion, fall 
till~ge could be done with a chisel 
plow, one-way, field cultivator or 
any other implement that leaves a 
protective residue on the soil sur-
face. 
Yield results for this treatment 
are represented by figure 1 column 
4. When fertilizer needs were sup-
plied entirely by commercial fertili-
zer, coin yielded more than in the 
sweet clover rotation. To explain 
this we must recognize that le-
gumes, like weeds, use large 
amounts of soil moisture. Also, the 
net amount of nitrogen added by 
the legume may not have equaled 
the amount supplied by commercial 
fertilizer. Legume nitrogen may 
appear to be a cheap source of nitro-
gen. From a cash outlay standpoint 
this is true but it is expensive in 
terms of soil moisture. Stored mois-
ture is the same as money in the 
bank. By raising legumes you trade 
soil moisture for nitrogen instead 
of paying cash for it. This brings us 
down to the final decision-which 
do you have the least of: cash or soil 
moisture? Think it over carefully 
before you decide. 
ALFALFA HAY ROTATION 
To measure the advantage of 
keeping legumes growing on the 
land for a longer period of time, an 
alfalfa rotation was included in the 
experiments at Centerville. This 
consisted of corn-corn-oats plus al-
falfa seeding-alfalfa hay in a 4-year 
sequence ( figure 2). 
When no fertilizer was applied, 
first year corn after alfalfa yielded 
an average of 8 bushels per year 
more than unfertilized continuous 
corn. 
In this rot~tion note there were 
two consecutive years of corn. In 
columns ~ and 3, figure 2 note how 
corn yield dropped in the second 
year after alfalfa when no fertilizer 
was applied. This indicated that one 
year of alfalfa hay did not return 
enough nitrogen for two consecu-
tive nitrogen-hungry corn crops. 
In the fertilized alfalfa rotations, 
first year corn after alfalfa received 
the same starter fertilizer as the 
sweet clover rotation mentioned 
earlier. 
Second year corn received the 
same sideband starter treatments, 
but with an additional side dressed 
70 pounds of N an acre. Prior to the 
last 2 years, 40 pounds of N were ap-
plied instead of 70, 
With the first year com after alfal-
fa, the sideband starter treatment 
increased corn yield an average of 
10 bushels an .. acre per year over the 
. 5-year period. Yields did not drop 
for the second year of corn when 
supplemental nitrogen was provid- · 
ed. Yields were exactly the same as 
for first year corn following alfalfa. 
CONTINUOUS CORN 
Continuous corn was raised in 
this experiment since 1961 but only 
the last 5 years data are presented 
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Figure 3-Eflect of commercial fer-
tilizer on corn yield growing continuous 
corn (5-year average). 
here. In the last 2 years fertilized 
plots received the same amount of 
starter fertilizer and side dressed ni-
trogen as second year corn in the 
alfalfa rotation. Prior to this, 50 
pounds of N and 9 pounds Pan acre 
were broadcast and plowed down 
annually. 
Over the 5-year period, fertilizer 
raised corn yield an average of 18 
bushels an acre each year. With ni-
trogen in the form of anhydrous 
amm9nia at 5 cents a pound, P20 ;; 
at 9 cents and K 20 at 5 cents, this in-
crease in corn yield represents more 
more than $2 back for each $1 spent 
for fertilizer. It should be remem-
bered that these years had a favor--
able climate for corn . 
The question is often raised "Can 
I raise continuous corn successfully 
by applying fertilizer salts with no 
legumes or additions of organic 
matter?" With continuous corn 
since 1961, average yield f~om plots 
receiving a complete fertilizer was 
exactly the same as that from ferti-
lized corn in alfalfa rotation plots 
(figure 2). D 
5 Months Less 
Mothering for 
BROOD 
MARES? 
Might' early-weaned colts have 
"personality" problems? 
Is A COLT likely to develop "person-ality" as well as physical health 
problems if it's taken away from its 
mother several months sooner than 
normal? 
If the colt is not adversely affect-
e~, then the :mare might sooner be 
free for purposes other than moth-
ering. Animal scientists at South 
Dakota State University hope to 
learn more about the possibilities. 
Horse research? you ask, in this 
day of machinery and other sources 
Kathy Norman makes friends with a 
colt used in horse research. Miss 
Norman, of Buffalo Gap, S. D. , is 
SDSU Rodeo Qtieen. 
of ''horse power." The horse is a 
thing of the past, you add, only to 
go along with " ... and buggy days" 
to denote something out of date. 
But, have you looked around 
lately? Seen any parades? Gone to 
a rodeo? Talked to that man down 
the street who hauls a horse around 
in a special trailer? Been to_ a dude 
· ranch or vacation spot in the great 
outdoors? Seen a horse show? Per-
haps even been at some of the 
tracks? 
Many Horse Lovers 
' Although state and national horse 
populations were decreasing · so 
much that official census figures 
were discontinued by 1960, there 
remains a dedicated, hard-core 
group of hors·e lovers. Included are 
those fanciers and.owners who keep 
horses for pleasure riding or for 
shows. 
"Many of these horse lovers 
would like to have mares available 
for pleasure uses some 5 months 
sooner than usual in the breeding 
year," according to Paul H. Kohler, 
animal scientist with the SDSU 
Agricultural Experiment Station. 
"Numerous horsemen have indi-
cated an interest in early weaning 
of the foal if it could be done on a 
dry ration and wouldn't affect nor-
mal growth and development," he 
adds. 
Dr. Kohler explains that part of 
SDSU's herd of 35 registered Quar-
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ter-horses will be used in early 
weaning research. Paired foals of 
comparable age, sex and sirn will be 
selected. Five of the paired colts 
_will be weaned at 30 days of age 
and five of the others will continue 
to nurse for the normal 6 months. 
Measurements of height, size and 
general condition, or "bloom," will 
then be compared. The first 30 days 
would provide the advantage of 
colostrum, early lactation and com-
panionship of the colt's mother. 
Various Traits Studied 
To be studied also, according to 
Dr. Kohler, will be "psychological" 
traits such as trainability to lead at 
the walk and trot, stand tied, pick 
up feet, pose, and general attitudes 
and aggressiveness toward other 
horses and man. 
In addition to mixed grain, the 
early-weaned foals will be fed a 
commerc.ial preparation similar to 
mare's milk in pelleted, or dry, 
form. The preparation is now often 
mixed with water for foals which 
have been abandoned by mares or 
for some other reason need a sup-
plemented ration. The research pro-
ject is being supported through a 
grant by the pellet manufacturer 
and is expected to take about 3 
years to complete. 
The SDSU registered Quarter-
horse herd is also used for class-
room teaching, judging, manage-
ment, handling, and horse produc-
tion. O 
• 
• 
• 
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HOME grown edible mushrooms, involving a minimum of effort 
and mess, may someday be a spin-
off result of research by a South Da-
kota State University graduate stu-
dent. 
Needing a readily-available sup-
ply of mushrooms in his study of 
fungus organisms, Stephen J. Wall-
ner, Sioux Falls, deve,loped a syn-
thetic culture technique for grow-
ing them in botany-biology labora-
tories at SDSU .. Source of materials 
included a lumber yard and a gro-
cery store. 
Mushroom lovers may be able to 
use the technique, too, he says, add-
ing that it also may be useful where 
a supply of growing mushrooms is 
needed in science classes or for re-
search purposes. WaJlne.r' s main re-
search delved into the reproduction 
processes . of the common edible 
meadow mushroom. 
Commercially, mushrooms are 
grown in caves or special buildings 
in which temperature, humidity 
and light may be controlled. 
"Spawn" is placed below the sur-
face of beds of compost prepared 
from horse manure and organic ma-
terials-hardly a procedure to favor 
mu:;;hroom production in the home. 
Uses Different Compost 
Wallner uses a different compost 
material and he believes with a little 
more development, the method may 
be suitable for do-it-yourself mush-
room growing. Instead of a horse 
manure-compost mixture, he used 
vermicHlite, an insulating material 
available at building materials sup-
pliers, in beakers slightly larger 
than a water glass. While he was 
able to take a small cutting from the 
umbrella-like cap of a mushroom 
purchased at a grocery store to get 
a start, he says mushroom spawn, 
available from commercial sources, 
would be easier for home growing. 
From start to finish, it took him 
slightly over a month to grow mush-
rooms in the lab. 
Of course Wallner used precisely-
measured quantities and types of 
materials and everything was done 
aseptically so as not to accidentally 
introduce unwanted organisms 
which might a ffect the experiments. 
Keeping the materials sterile is im-
portant and probably could be done 
in a kitchen oven, he believes. He's 
working on the home growing 
method now. H he's successful you, 
too, might be able to establish a 
mushroom garden in a half dozen 
quart jars to provide a supp ly for a 
week o:r more. 
Possible lab Uses 
Wallner's advisor, David J. Hol-
den, professor in the botany-biolo-
gy department of the Agricultural 
Experiment Station, says the syn-
thetic culture technique, aside from 
its interest to mushroom consumers, 
could provide high school and col-
lege science classes or research 
workers with a ready supply of 
growing fungus plants for study. 
"Previously we'd go out in the field 
to collect a supply and 'pickle' them 
for later laboratory study." 
A 1963 graduate of O'Gorman 
high school, Wallner is the son of 
Mr. and Mrs. Robert W. Wallner, 
2605 South Center, Sioux Falls. His 
father owns and operates Wallner' s 
Gardens, southwest of Sioux Falls. 
Young Wallner received his masters 
degree in biology from SDSU last 
spring and plans to work toward a 
Ph.D. at Iowa State starting in 
Septem her. D 
Stephen J. Wallner 
with lab-grown 
mushrooms. 
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MUSl1JlOOM 
LOVEJlS: 
••. soon you 
may have 
method to grow 
them at home 
This specially-equipped two-motor air-
craft made first flights for the new Re-
mote Sensing Institute over the Aber-
deen-Redfield-Huron area in early Au-
gust. William Rippert (below), electron-
ics technician with RSI headquartered 
on the SDSU campus, ins,pects one of 
two special camera hatches on the air-
craft. 
Raymond A. Moore of SDSU and 
Mason Wheeler are "on camera" during 
filming of a movie on long-span fences 
at the Wheeler farm northeast of Brook-
ings. 
Burton E. Lawrensen of the South-
east South Dakota Experiment Farm 
near Centerville inspects weed control 
plots after an invasion of army worms. 
Corn in the clean plots (left) was vir-
tually undamaged while next to it in the 
weedy plots armywomis caused damage. 
Agricultural Experiment Station 
SOUTH DAKOTA STATE UNIVERSITY 
Brookings, South Dakota 57006 
Duane Acker, Director 
Publication 
Unitecl States O.,,ortment of Aericulture 
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